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本研究在 13D4cAb 的基础上，利用噬菌体展示技术进一步对其进行 CDR
移植改造。首先，选择同源性 高的人胚系基因 1-69-04 和 1-39-01 作为人源化
模板；然后综合各种方法对 13D4mAb 可变区序列进行分析并确定骨架区上对抗




(HA1)和 YU22 病毒板对抗体库进行筛选，利用 ELISA 方法检测获得 37 个阳性
克隆；选取 16 个阳性序列克隆入双启动真核表达载体 Plan3，利用 293FT 细胞
进行瞬时转染，通过血凝抑制实验(HI)检测各人源化抗体的活性及广谱性,初步确
定 5 个具有较好 HI 活性和广谱性的人源化抗体，编号分别为 H1126-08，
H1213-21，H1202-34， H1121-37，Y1121-29；利用 FLP-in 系统筛选这 5 个人源
化抗体的稳定表达细胞株并进行人源化抗体的表达和纯化；通过定量 ELISA 实
验初步比较了这 5 个人源化抗体与 HA1 抗原的结合活性，其中 H1213-21 及
H1202-34 的活性 好，其人源化程度分别为 88.9%和 89.4%。 
总之，通过噬菌体展示技术本研究成功地对 13D4cAb 进行了 CDR 移植，获
得了多个人源化抗体，他们基本上保持了 13D4cAb 的广谱 HI 活性及与 HA1 抗
原的结合活性。这些人源化抗体将大大降低 13D4 用于治疗人感染 H5N1 时的
HAMA 反应，为禽流感治疗性抗体的临床应用奠定基础。同时，本文也证明了
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Abstract 
13D4mAb is a broad-spectrum neutralizing monoclonal antibody developed in 
our lab, which has been demonstrated to protect mice against lethal challenge by 4 
H5N1 strains representing the current major genetic populations, clades 1, 2.1, 2.2, 
and 2.3 In previous study, we have successfully constructed 13D4cAb, which showed 
the same results as 13D4mAb in hemagglutinin inhibition (HI) test, neutralizing 
experiment and mice protection experiment. 13D4 cAb have reduced but not 
ablolished the rodent cotent of mAbs allowing the HAMA responses still to occur. An 
improvement in reduing HAMA reaction was further development with CDR-grafting 
molecules, in which only the non-human CDR loops are grafted onto human variable 
domain framework. 
In this thesis, we further humanized the 13D4cAb by CDR-grafting through 
phage display technology. First, human germline genes 1-69-04 for VH and 1-39-01 
for VL were chosen as the humanized temples. Then the amino acid sequence and the 
model structure of 13D4mAb were analysised by various ways to identify murine 
framework’s key residues that most likely contribute to the integrity of binding site. 
All the key residues, including 12 in VH and 8 in VL, that were designed as human 
and murine alternatives in the combinatorial library. The fulllength humanized 13D4 
scFv gene fragments were synthesized with splicing overlap extensionpolymerase 
chain reaction (SOE-PCR). A humanized combinatorial library was constructed 
successfully by phage display technique, and the real content of the library was 
3×107. Positive scFvs were selected by panning with HA1 and YU22 virus, and the 
specificity of those selected scFvs were detected by enzyme linked immunosorbent 
assay (ELISA). The humanized sequeces of 16 positive clones were constructed into 
Plan3 vector as integrity antibodies and transiently expressed in 239FT cells. Their 
activities were analyzed by HI test with H5N1 viruses. Five humanized antibodies 
which maintain comparatively well HI activities and broad spectrum activities as 
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expressed and purified through Flp-In expression system which could stably produce 
antibodies after gaining the stable expresssion cell strains. The ELISA results of these 
humanized antibodies binding with HA1 showed that H1213-21 and H1202-34 were 
maintain the affinity of 13D4cAb and their humanized degree were 88.9% and 89.4%, 
respectively. 
In summary, we have successfully grafted the CDRs of 13D4mAb into 
humanized antibodies by phage display technology and gained some humanized 
antibodies which maintained the broad-spectrum neutralizing activity as 13D4cAb. 
The studies of this dissertation lay the foundation for antibodies humanization using 
phage display technology and for developing new therapeutic antibody against H5N1 
virus. 
 
Key words: CDR grafting; Phage display technology; scFv; Therapeutic 
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Kohler 及 Milstein[2]建立了 B 淋巴细胞杂交瘤技术，该技术使人们通过细胞工程
可以在体外定向地制备各种单克隆抗体（Monoclonal Antibody，McAb），开创了
抗体技术的新时代。单克隆抗体由于特异性高、性质均一，在试验研究和临床检
测中得到了广泛应用。第一个应用单抗治疗是在 1982 年 Levy 等制备出了抗 B
细胞淋巴瘤患者瘤细胞的独特型单抗，患者经这一抗独特型抗体治疗后，病情缓
解，瘤体消失，这使人们对用单抗治疗肿瘤抱有极大的希望，一度被称之为治疗
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[4]
。1986 年 Jones 等[5]将鼠源抗体重链的 CDR 序列移植到人抗体重链的 FR 区而



















备的三大主要技术，在抗体用于疾病治疗中起了关键作用。2001 年 Karpas 等[9]
利用 Epstein-Barr virus（EBV）融合技术从人多发性骨髓瘤细胞中筛选出了一株
在体外具有稳定增殖能力的（Karpas 707H）细胞株，使得利用人-人杂交瘤技术
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图 1-1：治疗性抗体研究进展[2,3,5-7,10] 
Figure 1-1: Evolution of therapeutic antibody technology and progress to the clinic 
随着目前已上市品种销售额的不断增长及新品种的上市，单克隆抗体药物
市场将会迅速攀升，在未来 10 年，单克隆抗体药物将成为国内外生物医药领域
发展的主旋律。如表 1-1 所示，截至 2009 年，美国 FDA 已经批准了 28 个治疗
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表 1-1：已上市的用于治疗的单克隆抗体[15] 
Table 1-1: Monoclonal antibodies approved for therapeutic use 
 
1: Abciximab is a Fab fragment. 
2: Rituximab is commercialized under the trade name Rituxan in USA. 
3: These molecules are fusions between the IgG1 Fc portion and a receptor. On 2 May 2008, the 
FDA placed a black box warning on Etanercept due to a number of serious infections associated 
with the drug. 
4: Gemtuzumab ‘ozogamicine’ is coupled to calicheamicin, an anti-tumoural antibiotic. 
5: Alemtuzumab is commercialized under the trade name Campath in USA. 
6: Ibritomomab ‘tiuxetan’ and Tositumomab are coupled to radioisotopes. 
7: Adalimumab is commercialized under the trade name Humira in USA. 
8: All approved antibodies have a k light chain except Tositumomab that has a g light chain. 
9: Natalizumab was voluntarily withdrawn from the market in February 2005. On 5 June 2006, 
FDA approved a special restricted distribution programme. 
10: Panitumumab is the first human antibody obtained from humanized mice. 
11: Eculizumab contains a CH1 domain and hinge from IgG2, and CH2–CH3 domains from IgG4. 
12: Certolizumab pegol is a PEGylated humanized Fab fragment. 
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